A mutant glgC gene contained in a 10.9-kb PstI fragment was cloned from the Escherichia coli B strain SG5 via colony hybridization by using a wild-type glgC probe. The altered allosteric properties of the expressed ADPglucose synthetase were found to result from the conversion of proline to serine at amino acid residue 295.
ADPglucose synthetase (EC 2.7.7.27), which catalyzes the conversion of Glc-1-P and ATP to ADP glucose and PPi, is an important regulatory enzyme in both bacterial glycogen biosynthesis (22, 25) and plant starch biosynthesis (23, 24) . In Escherichia coli, the main effectors of this allosteric enzyme are the activator fructose-1,6-bisphosphate (FBP) and the inhibitor AMP (22, 25) .
A combination of chemical modification and site-directed mutagenesis studies have identified the presence of key lysine residues at positions 39 and 195 involved in the activator site (8, 20, 21) and active site (13, 16, 21) of this 431-amino-acid enzyme. In addition, there is a tyrosine residue at position 114 apparently involved in substrate and activator binding (15, 16, 21) . Allosteric mutants of ADPgluThe mutant enzyme from the glycogen-overproducing E. coli B strain SG5 also has a higher affinity for FBP and a lower affinity for AMP than the wild-type enzyme does (10, 11) . The purified enzyme from SG5 has the same molecular weight, first 27 N-terminal amino acids, and C terminus as the wild-type enzyme (4) , indicating that the dramatic allosteric change might also be due to a singleamino-acid mutation. This report describes the cloning, expression, and sequencing of the mutant glgC gene from SG5. Cloning of the SG5 mutant glgC gene. Standard protocols were used in all general DNA and microbe manipulations (27) . Table 1 Fig. 1 ). Extraction and partial purification of the mutant enzyme were done as previously described (4, 10) and included sonication, heating, ammonium sulfate precipitation, and DEAE anion-exchange chromatography. During purification, the activity of ADPglucose synthetase was measured in the pyrophosphorolysis direction as previously described (26), using 32PPi. The enzyme in the crude sonicate had a specific activity of 1 U/mg, which is about 10-fold higher than the value reported for the parent SG5 strain (4) and is probably due to the multicopy plasmid. After DEAE chromatography, the enzyme had a specific activity of 50 U/mg, or fivefold greater than the value previously obtained at this step (4) (4) had been found to be identical to those of far less purified enzyme (10) . Table 2 (10) . In addition, the mutant's affinities for substrates and Mg2+ were higher than those of the wild-type enzyme in the absence of FBP. Maximal activation by FBP was 13.4-fold a The mutant enzyme is from pPD5, and the wild-type enzyme is from E. coli B. end) and 0.6 (3' end) kb were ligated into pUC118 and pUC119, yielding pCJ2 and pCJ3, respectively ( Table 1) . The dideoxy sequencing method (28) with Sequenase (U.S. Biochemical Corp.) was used to sequence the entire coding regions of both strands with oligonucleotide primers derived from the wild-type sequence (19) . Single-stranded DNA templates were prepared by using helper phage M13K07 (31) . Some double-stranded sequencing was also performed; for our system, sequencing using plasmid templates from strain DH5a was the most successful. Figure 2 shows the antisense strand nucleotide and deduced amino acid sequences of the pPD5 glgC gene. Dots appearing over bases indicate non-codon-changing base differences from the previously sequenced K-12 wild-type glgC (1, 14) . These are the same non-codon-changing differences seen with the previously cloned E. coli B mutant CL1136 (9), indicating small differences between the two E. coli strains. One-codon difference was found between the pPD5 (SG5) and wild-type genes: at amino acid position 295, proline was converted to serine by a CCG-to-TCG change as seen on the antisense strand, changing the total number of prolines and serines to 20 and 31, respectively. Such a change is in agreement with amino acid composition data of highly purified SG5 and wild-type enzymes (4, 12) where the small differences detected involved these amino acids (for SG5, 21.5 ± 1.4 prolines and 32.5 ± 1.4 serines; for the wild type, 23.2 ± 1.4 prolines and 28.3 ± 2.4 serines). The changed proline position has been shown to be highly conserved in alignment of ADPglucose synthetases from 10 different sources (30) . The SG5 enzyme is most similar to the mutant enzyme from E. coli K-12 strain 618 (13a, 14) . Both enzymes contain mutations in the C-terminal half and behave kinetically as if partially activated in the absence of FBP. The effect of the substitution for the SG5 enzyme may be mediated by changes in the environment around certain lysine and arginine residues involved in binding of ligands, as the mutant enzyme exhibits less sensitivity to inactivation by trinitrobenzenesulfonate and phenylglyoxal (4, 5) . Changes in contacts between subunits might be involved, as the SG5 enzyme aggregates to high-molecular-weight forms in the presence of FBP (4).
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